Abstract. The purpose of the production processes' states simulation has two constituents. The first is to ensure the effective operation of technological facilities. The second is to improve the quality and competitiveness of the produced products. The proposed new scientific approach aims to develop the known statistical methods in the following direction. They are to be adopted for monitoring accuracy and stability of production processes: real-time processing of large amount of current data, large volumes of a priori information used for decision-making, adjusting the parameters of the monitoring system, critical technological conditions detection. It can prevent great economic damage or even catastrophic consequences.
Introduction
The completeness of use of latest methods and tools of computer modelling greatly affect the effectiveness of technological processes management. Simulation of multiple options for the production cycle development, including, a variety of precritical emergencies and technical incidents that may occur, makes it possible to choose the most productive and safe technological mode, appropriate management system and structure.
In modern conditions, special attention is to be paid to the control of the products' quality and to the production processes' states monitoring. This is because the usage of production processes intensification, intellectual technologies implementation and high energy capacities. At present, so-called critical systems and infrastructures are becoming widespread. Their criticality is manifested in the fact that sometimes small changes in parameters or structures lead to catastrophic failures, which are of the nature of accidents and catastrophes. Therefore, the operation of such facilities requires the constant operation of the statistical control of the parameters that accompanies them. The main task of such solutions is the systematic analysis and interpretation of processes occurring in a heterogeneous production environment.
Organization of the technological objects state monitoring is connected with the following conflict situation. On the one hand, the real-time provision dictates the need of small-volume samples usage. On the other hand, it is necessary to provide the required level of hypotheses acceptance reliability on the results of control. So it is needed to find a compromise decision in conditions of a priori information deficit and initial statistical uncertainty. It should ensure minimization of technological objects operation risks, meeting the requirements of speed and reliability of situation recognition. Such solutions should be sought by compressing large volumes of processed data without losing their validity. According to the authors' opinion, the most pressing problems that require urgent solution are the following: information saturation determination using statistical methods and models for assessing the technological processes' states; increase in the level of states classification reliability; event classification for small samples; decision-making in conditions of a priori information deficit.
State of the art
The solutions for operational monitoring and technological processes monitoring in the oil and gas industry are known [1] . In the paper models and classification of monitoring systems are considered from the viewpoint of queuing theory. The basic core product model is presented in [2] . It is necessary for successful functioning of PLM-systems of reliable, complete and efficient data models. Extensive models of product data are highlighted: OAM, PSRL, Product family evolution model, Heterogeneous material model, Mechatronic device model, Embedded system model, Product lifecycle management (PLM) system. PLM technologies combine techniques and tools for information support of products throughout all stages of their life cycle. In [3] the author presents probabilistic-statistical methods of decision theory, explaining "how, from the observations of the realization of a random process, to detect spontaneously arising effects, when the properties of the process change spasmodically". In conditions of production processes, most of the data analysis problems are related to the study of stochastic systems. Known methods for solving the problems of state monitoring can not be a perfect operational tool, because they do not provide the required quality control of the state, in particular, with their help it is difficult to trace the moments of change in individual properties of the technological objects' states, such as accuracy, stability, quality indicators and others. It is advisable to search for such solutions within the framework of the statistical theory of hypothesis acceptance [4] . Since the possibilities for an analytical solution of such problems are very limited, it is suggested to use the simulation methods as an alternative. One of the tasks of technological objects monitoring is measuring metrics of information states of process technology objects made on the basis of small samples based on specified decision-making criteria to assess the information situation. It is suggested to use the Spearman criterion as an information measure [5] .
The article considers a method for detecting changes in the state of a technological object. The method is based on the notion of heteroscedasticity as the inhomogeneity of observations, which is expressed in the unequal variance of the random error of the regression model. This concept is widely used in econometrics [5] . The fact of detecting of the object's state heterogeneity (G-effect) can be used to detect changes in equipment conditions under the influence of external disturbances. The process of detecting the G-effect includes such steps as: setting the law of distribution and intensity of the input stream, calculating the processing time for applications, constructing regression dependencies, and deciding whether a G-effect exists. The assumption of the residues variance constancy is known as the assumption of homoscedasticity. If this assumption is violated and the variance of the residues is not constant, then it is said that the estimates are heteroscedastic (G-effect). It is the state's heterogeneity assessment that can be used to detect the production process instability and to identify the technological process disruption under external influences that lead to the operation equipment modes violation, the accuracy reproducing of the quantitative and qualitative products' characteristics and their compliance with normative and technical documentation. The main advantages of the proposed method for assessing the state of a technological object on the basis of an information measure are the following: sensitivity to changes in the technological objects' states, low computational complexity, and adaptability to external influences.
Results of experimental studies
For sufficiently considered general statement of the problem the evaluation of the results of object's states observations identify the significance of its qualitative change. A collection of observations is a set of measurements of the object's states
-value of the measured parameter of technological object, k -number of samples, n -the volume of each sample. Statistics describing the process of modelling [5] is calculated using (1):
where -Spearman's rank correlation coefficient; -the observed value of Student's statistics during the experiment.
Inequality (2) is analysed for assessing the object's state by the hypothesis accepting criterion about the G-effect presence.
where n -number of experiments (n = 40), -critical value. When inequality (2) is satisfied the G-effect takes place. In this paper, the results of simulating QMS using the example of processing applications distributed are studied according to the gamma law. To simulate the process of changing the state of objects, the simulation environment AnyLogic has been used.
The influence of the following parameters has been considered: λ, σ(λ) -intensity of requests generation; μ, σ(μ) -intensity of requests' service; ρ -system load; n -sample sizes; τ -moments of time characteristics measurement; р -significance levels. The influence of these parameters was estimated using gamma distribution models based on Spearman's criterion for nonparametric statistics.
Experimental researches of qualitative change in technological object condition were made on the basis of heteroscedasticity effect.
The characteristics of the considered single-channel QMS are the following: -intensity of generation of requests M(λ)=0,7 and σ(λ)=0,09; -intensity of requests' service M(μ)=0,8 and σ(μ) = [0,17; 0,2; …; 0,4]; -storage capacity -5, functioning algorithm -FIFO. Gamma distribution of requests' intensity. A series of experiments has been performed in which the intensity of receipt and processing of applications in the system was distributed according to gamma law. A random value generator using the gamma distribution -gamma (α, β) has two parameters: α -form parameter, β -scale parameter. Scale parameter β and form parameter α of this distribution is associated with the mathematical expectation and variance based on the system of equations (3).
The solution of system of equations (3) The simulation results using the transformed parameters are shown on the Fig. 1 . The results for different samples are presented in table 2, where different colours mean different significance levels for the observed values p=0,001 -blue, p=0,005 -green, p=0,01 -yellow, which correspond to the G-effect. Results, that are represented in table 2, are depicted in the graph form for the sample n = 40, τ = 31 on the fig. 2 .
With a sample size n = 60 the model is constantly in the heterogeneous area. When comparing the results obtained for a gamma distribution with a normal distribution the most stable areas of G-effect manifestation have been observed, as before, with a sample size n = 40. Table 3 is constructed for different τ times for the same source data, n = 40. The obtained data, presented in table 3, leads to the conclusion that the most stable Geffect is manifested when τ = 31 and n = 40 ( fig. 2) . 
